We determine the sharp lower and upper bounds for the smallest and largest eigenvalues of real symmetric matrices of a given order whose entries are in a given interval. The maximizing and minimizing matrices are specified.
ces whose entries are in the interval [a, b] . For an n × n real symmetric matrix A, we always denote the eigenvalues of A in decreasing order by λ 1 (A) ≥ · · · ≥ λ n (A).
In 1985 G. Constantine proved that if
if n is even, − √ n 2 − 1b/2 if n is odd.
These bounds are sharp. Constantine's proof techniques are graph-theoretic. In 1989 R. Roth gave another proof of this result by analysis of eigenvectors.
We will determine the smallest and largest values of both λ n (A) and λ 1 (A) when A ∈ S n [a, b] for generic a < b, thus generalizing Constantine's result.
Lower bounds for the smallest eigenvalue
Denote by J r,s the r × s matrix with all entries equal to 1, and write J r for J r,r .
Theorem 1. Let A ∈ S n [a, b] with n ≥ 2 and a < b.
If n is even, equality holds if and only if A is permutation
If n is odd, equality holds if and only if A is permutation 
Upper bounds for the largest eigenvalue Corollary 2. Let A ∈ S n [a, b] with n ≥ 2 and a < b.
If n is odd, equality holds if and only if A is permutation
( 
Equality in (1) 
Equality in (2) holds if and only if A = aJ.
Equality in (3) holds if and only if A = bI.
Equality in (4) holds if and only if A = aI.
The maximal spread
The spread of an n × n real symmetric matrix A is defined To appear in SIAM J. Matrix Anal. Appl.
